Abstract:Schoolchildren were asked to use dentifrices containing three different agents for one year:the agents were sodium monofluorophosphate, sodium monofluorophosphate plus dextranase, and sodium monofluorophosphate plus sodium phosphate. The caries prevention effects of these dentifrices were studied. The group of children who used dentifrice containing 0.76% sodium monofluorophosphate showed a 25.5% caries inhibition rate, and a statistically significant difference was observed in the rate of DF surfaces which increased during the test period in contrast to the control group. A significant difference was also found between the group of children who used dentifrice containing sodium monofluorophosphate alone and another group of children who used dentifrice containing sodium monofluorophosphate plus dextranase (15,000 units/g dentifrice added to sodium monofluorophosphate). An addition of dextranase resulted in an increase of 16.8% in the rate of caries inhibition. Another group of children who used dentifrice containing sodium monofluorophosphate to which 3% sodium phosphate was added showed a 4.6% higher caries inhibition rate than that shown in the group using dentifrice containing sodium monofluorophosphate alone, but there was no statistically significant difference in the rate of increased DF surfaces between these two groups. Furthermore, the caries prevention effects by tooth type and tooth surface were also evaluated for these three kinds of dentifrice. Moreover, it was confirmed that a continuous use of these four dentifrices over the period of one year did not result in oral anomalies either subjectively nor objectively.
in different ways, such as in application to solutions , tablets, pastes, dentifrices, or in drinking
water. The addition of fluoride to dentifrices is effective in view of safety and daily use , and the benefit has been demonstrated in many previous studies1-12) . As the tolerance amount of fluoride adding to the dentifrice should , however, be below 1,000 ppm in Japan13), it is necessary to supplement the effect of fluoride or to add another agent with a different effect from that of fluoride in order to achieve a greater preventive effect . An application of dentifrice which does not produce insoluble calcium fluoride (CaF2) in a reaction with fluorine ion has been conventionally done3,8,14) , but sodium monofluorophosphate (Na2PO3F, monoflo) takes the form of a complex salt (PO3F2-) and CaPO3F producing by the reaction with calcium ion and PO3F2-has about 1% solubility15) . Therefore monoflo has the characteristic that it does not reduce the soluble fluoride amount in the use of dentifrice with calcium.
Dextranase has been known to dissolve plaque and prevent plaque accumulation by acting on the dextran in plaque16-20), and is reported to have a caries prevention effect in experimental animals21-23). It has been reported that sodium phosphate prevents caries generation in men through buffering effect of plaque to acid and calcification of teeth when added to foodstuffs24,25).
In the present study dentifrices have been formulated by adding dextranase or sodium phosphate to monoflo, and the caries prevention effects have been evaluated in comparison with the case of monoflo alone.
II. Subjects and Methods
About 1,400 schoolchildren in the third, fourth, and fifth grade of elementary school were selected as subjects. Caries examination was done on the permanent teeth of all subjects with a dental mirror and an explorer. Then children were divided into groups so that caries incidence might be equal in the control group and each three test groups by grade as shown Table 1 . Rate of DF surfaces by dentifrice group and by grade at the initial examination Table 2 . Composition of dentifrices
Flavor, saccharin and purified water are added to the above to make the whole amount 100 (wt)%.
in Table 1 . Subjects were examined by the same examiner both at the initial examination and that one year after the study in order to make dispersion in data minimum.
Composition of dentifrices that children used during the study is presented in Table 2 . The C dentifrice as a control contains dicalcium phosphate for a dentifrice grade, a binding agent, and a foaming agent as main components.
The M dentifrice has 0.76% monoflo added to the C dentifrice. The MD dentifrice has 0.76% monflo and dextranase (about 15,000 units/g) added and the MP dentifrice has 0.76% monoflo and 3% sodium phosphate added to the C dentifrice.
The dextranase used in the present study is crude enzyme of what is produced by giving dextran to Chaetomium gracile19. It has been proved to have no adverse effects in acute26 and chronic27) toxicity exammination, skin and mucosa examination28,29), and on leukocytes30. And a recent report has shown a result that no anomalies were observed in a clinical examination of oral mucosa with the use of the dextranase31). As for sodium phosphate, Na2HPO4 and NaH2PO4 were used and both were adequately mixed to make pH 7.0-7.3.
The subjects received these dentifrices every month.
At school they brushed their teeth after lunch every other day under the supervision of their homeroom teachers . At home brushing was done twice daily, morning and evening.
During summer and winter vacation brushing at home was done three times a day, including after lunch , and the performance behavior was reported in the form of a diary.
Soluble fluoride concentration and active dextranase amount in monflo-containing dentifrices used by the children are shown in Table 3 . A statistically significant difference was not observed in soluble fluoride concentration in the M , MD and MP dentifrices, which was an average of 901 ppm, 884 ppm and 912 ppm respectively.
The mean active value of dextranase was 14,500 units/g dentifrice. The fluoride concentration of drinking water at schools was 0.08 ppm on the average as shown in Table 4 . Fluoride quantification was measured by the use of alizarin complexion method32.
As these four dentifrices were used continuously over the period of one year in the present study, intraoral subjective and objective conditions were observed at the beginning of the study, six months and one year after in order to confirm the presence of adverse effects of these four dentifrices used in the experiments.
III. Results
The number of all teeth surfaces, number of DF surfaces, rate of DF surfaces, and number of subjects, excluding children who changed schools during the study period and who were absent from examinations, and whose caries incidence status were extremely severe, are presented in Table 5 by type of dentifrice and grade. Data obtained after one year includes teeth which erupted during the study period.
Caries prevention effects of each dentifrice were evaluated in the following four cases:
1) Using data of the rate of DF surfaces of all teeth at the start and completion of the study.
2) Classifying data of all teeth into teeth which erupted during the study period (newly erupted teeth) and teeth which had already erupted at the beginning of the study (existing teeth).
3) Classifying the existing teeth to anterior teeth and molars.
4) Classifying molars to mesial-distal surfaces, buccal-lingual surfaces, and occlusal Table 5 . Rate of DF surfaces and number of subjects at the initial examination and that one year after the study surfaces.
Variance analysis with two-way lay out with two factors, group using dentifrice (dentifrice groups) and grade was used to analyse the data. In the case that groups were signifi- Width of an arrow shows 95% confidence interval of population mean. cant, comparison of significance between dentifrice groups was conducted in evaluation33.
1) Using data of all teeth at the start and completion of the study.
The increased DF surface rate, difference of the rate of DF surfaces of the completoin of the study and that at the beginning of the study, is shown in Table 6 . Variance analysis with two-way lay out with two factors of dentifrice groups and grade using this increased DF surface rate resulted in significance of 1% risk between dentifrice groups but there was no significance between grade.
The mean increased DF surface rate and 95% confidence interval of population mean in each dentifrice group are shown in Fig. 1 . The mean increased DF surface rate in the C, M, MD, and MP dentifrice groups is 1.66%, 1.23%, 0.95%, 1.15% respectively.
The significance comparison between dentifrice groups is shown in Table 7 . There is a significant difference with 1% risk between increased DF surface rate in the C dentifrice group and that in each experimental dentifrice group containing monoflo. Therefore the caries prevention effect of monoflo is confirmed.
There is also a significant difference with 1% risk between the M dentifrice group and MD dentifrice group, the increased DF surface rate in the MD dentifrice group being smaller, which means the caries prevention effect is enhanced by the addition of dextranase.
Furthermore there is a significant difference with 5% risk between the MD dentifrice group and MP dentifrice group. The increased DF surface rate is smaller in the MP dentifrice group, which shows that the effect caused by an addition of dextranase is apparently larger than that caused by an addition of sodium phosphate.
The increased DF surface rate is smaller in the MP dentifrice group than in the M dentifrice group, but the difference between these two groups is not significant.
Caries inhibition rate of three experimental groups as contrasted with the C dentifriec group, shown in Table 8 , is sought as follows:
Caries inhibition rate = Increased DF surface rate in the C dentifrice group-Increased DF surface rate in the experimental dentifrice group Increased DF surface rate in the C dentifrice group
•~ 100
In the M dentifrice group, caries inhibition rate in the third and fourth grade is about the same 27.8% and 27.9% respectively, and 20.8% in the fifth grade , the inhibition effect by monoflo being reduced a little. In the MD dentifrice group, it is equal in the third and fourth grade, 31.1% and 31.0% respectively, and 28.3% in the fifth grade, the inhibition effect by monoflo being reduced a little, showing the same tendency as the M dentifrice group.
The mean caries inhibition rate in the grades is 25.5% in the M dentifrice group, 42.7% in the MD dentifrice group, and 30.1% in the MP dentifrice group as shown in Fig. 2 . Increase in caries inhibition rate when dextranase 15,000 units is added per 1g dentifrice is 16.8%, and when 3% sodium phosphate is added, it is 4.6%.
2) Classifying data of all teeth into newly erupted teeth and existing teeth.
The classification of newly erupted teeth (teeth which erupted during the study period) and existing teeth (teeth which had already erupted by the start of the study) is shown in Table 9 , 10.
In the case of newly erupted teeth in Table 9 , the number of carious surfaces is extremely few, and fluctuation of data is large, so the caries prevention effect of dentifrices cannot be made clear. In the case of existing teeth presented in Table 10 , the number of teeth surfaces which had been healthy at the beginning of the study, but were affected by caries during the one year of the study is divided by the number of healthy teeth and multiplied by 100, which is the rate of DF surfaces.
Variance analysis with two-way lay out with two factors dentifrice groups and grade using the rate of DF surfaces resulted in significance in dentifrice groups and grade with 1% risk for each. The mean DF surface rate and 95% confidence interval of the population mean in each dentifrice group and in grade are shown in Fig. 3 . The mean DF surface rate is the greatest in C dentifrice group, followed by the M, MP, and MD dentifrice groups. The value is 3.39%, 2.95%, 2.85%, and 2.63% respectively. The rate of DF surfaces reduces with increase of age, from 3.46% in the third grade, to 2.80% in the fourth grade and to 2.56% in the fifth grade.
The significance between dentifrice groups is shown in Table 11 . There is a significant difference with 1% risk between the C dentifrice group and the M, MD, and MP groups.
The difference between the M and MD dentifrice groups is also significant with 1% risk, and that between the MD and MP dentifrice the group is significant with 5% risk. In existing teeth, the differences between the caries inhibition effect of monoflo and the enhancing effect of an addition of dextranase, and the effect of an addition of sodium phosphate are made clear.
The caries inhibition rate in the M, MD, MP dentifrice groups reduces with increase of age as shown in Table 10 .
The caries inhibition rate is sought by dividing the difference between the rate of DF surfaces in the C dentifrice group and that in experimental group by the rate of DF surfaces in the C dentifrice group, and by multiplying the difference by 100. The mean caries inhibition rate in the grades is 12.5% in the M dentifrice group, 22.3% in the MD dentifrice group, and 15.5% in the MP dentifrice group.
An addition of dextranase increases the rate by 9.7%, and that of sodium phosphate by 3%. The mean caries inhibition rate in the third grade is 19.4%, that in the fourth grade is 17.6%, and that in the fifth grade is 13.4%.
3) Classifying the existing teeth into anterior teeth and molars.
The data of existing teeth in Table 10 is divided into those of anterior teeth and molars, shown in Table 12 and 13. In the data of anterior teeth in Table 12 , the number of carious surfaces is extremely few, similar to the case of newly erupted teeth. The caries inhibition effect of the dentifrices could not be demonstrated. Significance with 5% risk is found in grades. Variance analysis of molar surfaces shown in Table 13 resulted in significance with 1% risk in both dentifrice groups and grades. The rate of DF surfaces in each dentifrice group and grade is shown in Table 13 and Significances between dentifrice groups are shown in Table 14 . There is a significance with 1% risk for each between the C dentifrice group and the M, MD, MP dentifrice groups.
There is also a significance with 1% risk between the M and MP dentifrice groups.
The mean caries inhibition rate on molars in grades is 9.4% in the M group, 22.3% in The data for existing molars are classified by surfaces, as shown in Table 15 , 16, 17.
As to mesial-distal surfaces of molars, the rate of DF surcfaces in C, M, MD, and MP dentifrice groups is 1.87%, 1.77%, 1.81% and 1.80% respectively shown in Table 15 , close to each other. Therefore no significance was demonstrated in variance analysis.
Significance with 1% risk was found in grades. The mean DF surface rate in each grade is 2.30% in the third, 1.57% in the fourth, and 1.64% in the fifth grade, the percentages of the latter two being reversed, hence fluctuation in the data is assumed. A graph of interval estimation is shown in Fig. 6 . As to buccal-lingual surfaces of molars, variance analysis resulted in significance with 1% risk both in dentifrice groups and grade. The rate of DF surfaces is 7 .68% in the C dentifrice group, 6.31% in the M, 5.90% in the MP and 5.23% in the MD dentifrice group.
It is 7.85% in the third, 6.31% in the fourth , and 4.69% in the fifth grade,
showing a decreasing tendency with increase of age. Significances between the dentifrice groups are shown in Table 18 . There is a significance with 5% risk between the C and M dentifrice groups, with 1% risk for each between the C and MP dentifrice groups, the C and MD dentifrice groups , and with 5% risk between the M and MD dentifrice groups.
The mean caries inhibition rate in grades is 16.0% in the M, 31.7% in the MD, and 22.5% in the MP dentifrice groups. An addition of dextranase increased caries inhibition rate by 15.7% and that of sodium phosphate by 6.5%.
The mean caries inhibition rate is 27.9% in the third, 24.0% in the fourth, and 18.9% in the fifth grade.
As to the occlusal surfaces of molars the mean DF surface rate in the M dentifrice group is 21.64%, that in the C is 21.35%, that in the MD is 18.26% and that in the MP dentifricegroup is 18.26%.
Here the rate in the M dentifrice group is higher than that in the C, which resulted from the data of the third grade in the M dentifrice group, where the rate of DF surfaces in the C, M, MD and MP dentifrice groups at the beginning of the study was 45.77%, 49.15%, 46.00% and 44.14% respectively, much higher than those in other groups, showing that the subjects in the M dentifrice group had higher caries incidence. The rate of DF surface of the M dentifrice group of the third grade, 32.21%, is regarded as an abnormal value, and the method34) used for computing the substitutioning value of the defective one with two-way lay out with data in Table 17 , the rate of DF surfaces in the M dentifrice group is calculated at 28.53% as shown in parenthesis in Table 17 .
Variance analysis with the substitutioning value results in significance with 7% risk in dentifrice groups, and with 1% risk in grade.
The rate of DF surfaces in each dentifrice group is shown in Table 17 and in Fig. 8: 21.35% in the C, 20.42% in the M, 18.26% in both the MD and MP dentifrice groups.
It decreases with increases of age showing 28.61% in the third, 18.07% in the fourth, and 12.95% in the fifth grade. Significance between dentifrice groups is shown in Table 19 .
There is significance with 5% risk between the C and MD, the C and MP dentifrice groups for each.
As to caries inhibition rate on occlusal surfaces, the mean value in grades is 4.7% in the M, 16.7% in the MD, and 13.7% in the MP dentifrice group. An addition of dextranase increases the caries inhibition rate 12.0%, and that of sodium phosphate increases 9.0%. The highest mean caries inhibition rate is 17.0% in the fourth grade, followed by 11.2% in the fifth, and 6.9% in the third grade.
Therefore the highest caries inhibition effect of monoflo is observed on buccal-lingual surfaces of molars, followed by on mesial-distal surfaces, and occlusal surfaces. The greatest caries inhibition effect caused by an addition of dextranase is observed also on buccal-lingual surfaces, followed by occlusal surfaces, but none in mesial-distal surfaces. In the case of an addition of sodium phosphate, the greatest caries inhibition effect is observed on occlusal surfaces, followed by buccal-lingual surfaces, but none in mesial-distal surfaces.
No subjects in four dentifrice groups complained of intraoral anomalies over the period of one year. No anomalies which might be caused by these four dentifrices were found at oral examinations, either.
IV. Examination
Three kinds of fluoride, mainly stannous fluoride (SnF2), sodium fluoride (NaF) and study, reported that a using of the dentifrice without abrasive agent and containing dextranase derived from Chaetomium gracile, the same as that used in the present study, twice daily morning and evening in adult men and women resulted in segnificantly less plaque deposition contrasted to the control. However reports about caries prevention effect of dextranase in men have not been published as yet.
When this dextranase is added to monoflo, first it produces caries prevention effect by its action on plaque, and next the effect is increased by monoflo producing ease of action on teeth surfaces.
In the present study, a high caries inhibition rate of 42.3% is obtained for data of all teeth, when Chaetomium gracile dextranase 15,000 units/g dentifrice is added to monoflo.
Therefore the difference of 16.8% between the rate 42.3% and 25.5% achieved by monoflo alone is the rate of caries inhibition effect achieved by an addition of dextranase.
In order to measure the mentioned two effects individually, it is necessary to use dentifrice which only dextranase is added and to evaluate the amount of dextranase to be added, which cannot be realized in this study, for the number of subjects is not sufficient.
Studies of the relation between phosphates and caries has begun with a report by Nizel and Harris48,49,50) that the administration of two types of corn and milk, the products from different districts, to hamsters resulted in a difference of 4% in caries incidence, which the reporters found to be due to a cariostatic agent, that was phosphate, contained in corn and milk. The function of caries prevention of phosphates is considered to be buffering of plaque to acid in the oral cavity in a direct way or through the salivary gland, and recalcification of teeth24). The effect has been reported to differ according to chemical constitution of phosphates or types of cation combined with phosphates51). Of those phosphates, sodium phosphate has a greater caries inhibition effect than that of insoluble CaHPO4, but the effect is lost if directly injected into the intestine, so the effect is achieved through topical use in mouth52). Wynn and others53 obtained 42% to 70% of caries inhibition rate through an experiment where rats were fed on the diet in which Na2HPO4 and NaH2PO4 were mixed in the ratio of 1:1. Stookey and others25) added these agents to the breakfast of schoolchildren 5 to 16 years of age, and obtained 20% to 40% of caries inhibition rate after two years of the study. But reports of the effects caused by these substances added to dentifrice have not been published yet. Another report that an administration of fluorides accompanied by sodium phosphate resulted in a greater effect has been published54).
In the present study, a caries inhibition rate of 30.1% is obtained for data of all teeth, when 3% sodium phosphate is added to monoflo. Therefore the difference of 4.6%
between the rate 30.1% and 25.5% achieved by monoflo alone is the rate of caries inhibition effect achieved by an addition of sodium phosphate. But a statistically significant diference is not observed between the monoflo group and the monoflo and sodium phosphate group, which may be due to a similarity of monoflo and sodium phosphate in respect to additive concentration and strengthening of tooth substance through recalcification55).
When data of all teeth is classified by tooth surface, the efficiency of three different dentifrice can be observed on existing teeth surfaces and molar surfaces with high caries incidence.
On newly erupted teeth surfaces and anterior teeth surfaces an adaptation of a longer period of clinical experiments and greater number of subjects could make the effects known.
Onishi and others12 reported the effectiveness of dentifrice containing monoflo on smooth surfaces and in pits and fissures. In the present study monoflo has been highly effective on buccal-lingual surfaces, but not on mesial-distal surfaces and occlusal surfaces and so with the effect of an addition of dextranase and sodium phosphate, except for a little effectiveness on occlusal surfaces. Both dextranase and sodium phosphate are aqueous, and the former is effective in caries prevention in animal experiments using hamsters21,22), and the latter on adjacent surfaces. Therefore caries prevention effects by an addition of both agents were expected to have been observed also on mesial-distal surfaces. The reverse result against expectation might be due to less caries incidence and dispersion in data which was caused by not grouping subjects by tooth surface at the beginning of the study.
It is also guessed from data in Table 15 that the order of caries inhibition rate in dentifrice group is not same in the three grades.
The observation of an abnormal value in the M dentifrice group on occlusal surfaces in data of the third grade may be due to a greatly higher rate of DF surfaces than those of the other dentifrice groups at the beginning of the study. Therefore classification and grouping at the beginning of the study may be important, particularly in the case of low caries incidence.
V. Conclusion
Schoolchildren in the third, fourth, and fifth grade in elementary schools used three different dentifrices for one year, monoflo containing, monoflo and dextranase containing, and monoflo and sodium phosphate containing dentifrices respectively. The caries prevention effects have been evaluated and the following results obtained.
1) The group using a dentifrice to which 0.76% monoflo was added have shown a statistically lower rate of DF surfaces increasing during the study period compared to that of the control group, and 25.5% caries inhibition rate has been observed in the former.
2) There has been a significant difference between the group using a dentifrice where 15,000 units/g dentifrice of dextranase was added to monoflo and the group using a dentifrice monoflo alone, and an addition of dextranase has increased the caries inhibition rate by 16.8%.
3) In the group using a dentifrice which 3% sodium phosphate was added to monoflo, 4.6% higher caries inhibition rate has been observed compared to the case of the group using a dentifrice with monoflo alone, but a significant difference in increased DF surface rate between them has not been found.
4) An evaluation of caries inhibition rate of 3 dentifrices by type of teeth has resulted in a similar finding as the above, but with a little lower inhibition rate on existing teeth surfaces and molar surfaces. An effect produced by an addition of sodium phosphate on molar surfaces has been statistically significant. 5) An evaluation of molars by surface has resulted in the finding of an effectiveness of monoflo on smooth surfaces and occlusal surfaces of molars.
An addition of dextranase and that of sodium phosphate has been effective on buccal-lingual surfaces and occlusal surfaces of molars, but those effects have not been observed on mesial-distal surfaces.
6) No adverse effects of these four dentifrices were observed in subjective or objective conditions through a continuous use over the period of one year. 
